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In  a  previous  paper,  v*  reported  that  Inhalation  of  an  sthsnol/T-2  aerosol  was 
20  to  *0  tines  nor*  toxic  to  nice  than  systemic  or  dermal  administration  of  T-2, 
There  was  concern,  however,  that  the  aerosoliaed  ethanol  vehicle  night  alter 
absorption  of  Inhaled  T-2  from  the  respiratory  tract.  In  order  to  eliminate 
this  question,  we  exposed  nice  to  aerosols  of  T-2  in  saline.  V*  found  that  the 
IC50 for  nice  after  a  10 -min  aerosol  exposure  to  T-2  in  saline  was  0.04  t  0.008 
mg  T-2/liter  of  air,  lower  than  the  LC30  (0.080  t0.02  mg  T-2/llter)  for  an  aero* 
sol  of  T-2  in  sthanol.  We  also  found  that,  for  any  comparable  total  body 
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burden  of  T-2,  alee  exposed  to  T-2  In  saline  retained  a  greater  percent  of  T-2. 
In  tho  respiratory  tract  than  did  alee  exposed  to  T-2  In  ethanol.  This  suggest: 
that  the  respiratory  tract  may  be  a  target  organ  for  inhaled  T-2  mycotoxin. 
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Acuta  Inhalation  Toxicity  of  a  Saline  Suspension  of  T-2  Mycotoxin  in  Mice. 

C REAS LA,  D.A,  NEALLBY,  M.L.,  JONES,  L.J.,  III,  YORK,  C.G.,  WANNEMACHER,  R.H. , 
JR.,  AND  BONNER,  D.L.  (1986).  Toxicol.  Appl.  Pharmacol.  ,  -  .In 

a  previous  paper  (Creasla  et  al.t  1986),  we  reported  that  inhalation  of  an 
ethanol/T-2  aerosol  was  20  to  40  times  more  toxic  to  mice  than  systemic  or 
dermal  administration  of  T-2.  There  was  concern,  however,  that  the  aeroso¬ 
lized  ethanol  vehicle  might  alter  absorption  of  Inhaled  T-2  from  the  respira¬ 
tory  tract.  In  order  to  eliminate  this  question,  we  exposed  mice  to  aerosols 


of  T-2  in  saline.  He  found  that  the  LCcn  for  mice  after  a  10-min  aerosol 
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exposure  to  T-2  in  saline  was  0.C4\^f0.008  tag  T-2/llter  of  air,  lower  than  the 
LC^q  (0.08<)|±j'1F.02  mg  T-2/liter)  for  an  aerosol  of  T-2  In  ethanol.  We  also 
found  that,  for  any  comparable  total  body  burden  of  T-2,  mice  exposed  to  T-2 
in  saline  retained  a  greater  percent  of  T-2  In  the  respiratory  tract  than  did 
mice  exposed  to  T-2  in  ethanol.  This  suggests  that  the  respiratory  tract  may 
he  a  target  organ  for  inhaled  T-2  oqrcotoxin. 
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METHODS 


Animals.  Mala  Swiss  ICR  5-week-old  mica,  wars  obtained  from  the  Valter 
Reed  Army  Institute  of  Resea.  (Bethesda,  MD)  animal  breeding  colony  and  held 
for  1  to  2  weeks  for  observation  before  being  used  in  this  study.  All  mice 
were  held  five  per  open-bottom  polycarbonate  cage,  with  free  access  to  food 
(NIH  formula  07)  and  water.  Mica  were  held  in  rooms  maintained  at  75*F,  50Z 
relative  humidity,  and  air  flow  was  12  room  air  changes  per  hr.  Animals  used 
in  this  study  had  an  average  body  weight  of  30  gms. 

Chemicals.  Purified  (>99Z)  T-2  mycotoxin  was  obtained  from  Mycolaba  Inc. , 
Chesterfield,  Mo.,  as  a  white  crystalline  powder.  Purity  was  confirmed  to  be 
>99Z  by  both  high-pressure  liquid  chromatography  and  gas  chromatography-mass 
spectrometry  analyses.  Synthetic  [3H]T-2  (specific  activity  11  Cl/mmol;  11 
(imola/ml)  dissolved  in  ethsnol  (ETOH)  was  obtained  from  Amersham 
International,  Amersham  U.K. ,  for  use  as  a  tracer. 

Aerosol  Exposure.  The  Inhalation  chamber  was  designed  for  nose-only 
exposure.  Basically,  aerosol  exposure  was  accomplished  by  placing  mice  in  an 
open-ended,  cone-shaped  holder  with  only  their  noses  protruding  into  a  1.5- 
liter  aerosol  chamber.  The  chamber  was  operated  dynamically  at  2.2 
llters/mln.  Test  aerosols  were  generated  by  atomising  cold  saline  suspensions 
of  T-2  mycotoxin  with  a  Lovelace  nebulizer  (Intox  Products,  Albuquerque,  N.M.) 
operated  at  2.2  liters/min  (Mercer  et  al.,  1968).  Saline  suspensions  of  T-2 
were  prepared  by  gently  grinding  weighed  quantities  of  crystalline  T-2  in 
measured  volumes  of  cold,  physiological  saline  in  a  tissue  homogenizer  with  a 


stated  clearance  (0.12  Co  0.15  wm)  between  wall  and  pestle  (Thoaaa  Scientific, 
Philadelphia,  Pa).  Prior  Co  praparaeioa  of  Cha  T-2  auapanaion,  50  pi  of 
l3H]T-2  in  aChaaol  waa  added  co  cha  crystalline  T-2  aa  a  Cracar  for  aaroaol 
mass  concentration  measurements,  and  0.5  ad  of  the  same  aolutlon  vaa  added  as 
a  tracer  for  T-2  deposition  and  retention  studies  In  alee  exposed  to  tha  T-2 
aaroaol.  The  ethanol  solution  of  (3H]T-2  waa  thoroughly  aixed  with  cha  dry, 
unlabeled  T-2  (50  ag)  and  the  residual  ethanol  was  allowed  to  evaporate 
overnight  at  rooa  temperature  before  hoaoganiaing  tha  T-*  in  cold  saline.  Tha 
■ass  concentration  of  Cha  T-2  aerosol  waa  varied  by  atomizing  different 
concentrations  of  Che  T-2  saline  suspensions  and  l3H]T-2  was  rsaasured  by 
scintillation  counting  (Beckman  L55300  Scintillation  Counter,  Seckean 
Instruments,  Inc.,  Irvine,  Calif.).  Samples  for  aerosol  aasa  concentration 
asasuraaants  were  obtained  from  1.0-liter  samples  taken  on  fiberglass  filters 
(Geltaan  Scientific  Inc.,  Ann  Arbor,  Mich.).  Tha  range  of  tha  aaroaol  mss 
concentrations  used  in  this  study  was  1.5  to  0.002  eg  T-2/lltar  air.  Aerosol 
particle  size  was  determined  for  each  aerosol  concentration  with  a  Maicer  type 
(Mercer  at  al. ,  1962)  cascade  iapector  (Intox  Products,  Albuquerque,  N.M.), 
operated  at  100  cm3 /min.  The  average  aerodynamic  median  diameter  of  tha 
aerosol  particles  was  0.6  urn  with  a  ag  of  1.5  to  2.2.  The  aerosol  remained  as 
spherical  liquid  droplets  as  observed  under  the  light  microscope,  indicating 
that  tha  "T-2  aerosol"  in  this  study  was  in  actuality  an  aerosol  of  a  saline 
auapanaion  of  T-2  and  not  dry  T-2.  All  aerosol  exposures  were  10  min. 

Animal*  were  observed  at  least  twice  dally  for  2  weeks  post-exposure  but  only 

those  aniMls  dying  within  24  hrs  post-exposure  were  included  in  the  data  to 

* 

determine  the  24  hr  ICjq.  The  slope  of  the  concentration-response  lines  were 
analyzed  by  problt  analysis  to  calculate  the  LCjqS  (/lnney  1977). 


Retention  of  Inhaled  T-2  Mycotoxln  Aerosol*  Ttoo  group*  of  24  mice  each 
vara  exposed  to  selected  concentration a  of  T-2  aerosol.  One  group  of  24 
aniaals  va»  exposed  to  1.5  mg/liter  and  the  other  group  of  24  animals  was 
exposed  to  0.04  mg/liter.  Both  groups  were  arbitrarily  further  divided  after 
aerosol  exposure  into  two  subgroups  of  12  mice  each;  one  of  which  was  observed 
for  lethality  for  48  hrs  post-exposure  while  the  other  was  killedby  CO2 
asphyxiation  immediately  (l.e.  within  a  few  minutes)  post-exposure.  The 
intact  carcasses  of  six  of  the  mice  killed  by  COj  asphyxiation  were  placed  in 
75  ml  of  2N  KOH.  The  Intact  lower  respiratory  tract  (l.e.,  larynx,  trachea, 
and  lung  lobes)  and  the  nasal  turbinates  were  removed  from  each  of  the  other 
six  mice.  Lower  respiratory  tracts  were  freed  from  extraneous  lymphoid  and 
cardiac  tissue  and  placed  in  25  ml  of  2N  KOH.  The  external  nares  and 
surrounding  skin  were  removed  from  the  nasal  turbinates  which  were  also  placed 
in  25  ml  of  2N  KOH.  All  tissues  were  then  incubated  overnight  at  37*C. 
Triplicate  1.0-ml  aliquots  were  subsequently  taken  and  assayed  for  I3H]T-2 
(Beckman  Instruments  Inc.,  Irvine,  Calif.). 


RESULTS 

Concentration-response  data  comparing  lethality  in  mice  against  T-2 
aerosol  mass  concentration  are  summarized  'n  Table  1.  All  of  the  mice  that 
died  after  exposure  to  either  1.0  or  0.5  mg/liter  T-2  aerosol  died  within  12 
hr.  The  single  aberrant  mouse  that  survived  exposure  to  0.5  mg/liter  T-2, 
survived  for  the  full  2-week  observation  period  without  exhibiting  any  obvious 
signs  of  toxicity.  Mice  exposed  to  either  0.07,  0.1,  or  0.15  mg/liter  T-2 
aerosol  all  died  within  24  hr.  All  mice  that  died  after  exposure  to  aerosol 
mass  concentrations  of  1.0  to  0.07  mg/liter  tended  to  appear  relatively  normal 
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when  compared  immediately  after  aeroaol  exposure  to  control  animals.  By  4  to 
6  hr,  however,  these  mice  became  lethargic,  remained  separate  from  their 
cagemates,  assumed  a  hunched  body  position,  and  died  in  that  position.  Mice 
exposed  to  <0.07  mg/llter  T-2  also  appeared  normal  immediately  after  aerosol 
exposure,  but  began  to  exhibit  signs  of  toxicity  at  4  to  6  hr  post-exposure. 
Depending  on  the  aerosol  mass  concentration,  a  number  of  these  animals 
recovered,  and  some  survived  for  the  2-week  observation  period.  Mice  that 
survived  for  24  hrs  but  died  within  the  2  wk  observation  period  after  exposure 
to  the  lows;  aerosol  concentrations  (i.e.  <  0.07  mg/llter)  died  at  otaggered, 
unpredictable  time  points,  but  mostly  within  24  to  30  hr  post  exposure.  We 
calculated  the  24  hr  LCjq  for  mice  of  aerosolized  T-2  In  saline  to  be  0.04  ± 
0.008  mg/liter. 

Retention  of  Inhaled  T-2. 


In  the  group  of  24  mice  exposed  to  1.5  mg  T-2/llter,  12  out  of  the  12  mice 
arbitrarily  selected  for  48  hr  observation  died  within  10  hr  post  aerosol. 
These  data  are  summarized  in  Table  2.  Scintillation  counts  of  [3H]T-2  in 
tissues  of  mice  in  the  other  subgroup  of  12  mice  showed  that  32  ±  3  yg 
equivalents  of  T-2  were  retained  Immediately  after  a  10-mln  exposure.  Of 
that,  12. 5Z  was  retained  in  the  nasal  turbinates  and  5.6Z  in  the  respiratory 
tract.  The  remaining  [3H]  (81. 9Z)  was  distributed  throughout  the  rest  of  che 
carcass. 

From  the  group  of  24  mice  exposed  to  0.04  mg  T-2/liter  air,  (LCjq)  six  of 
the  12  mice  arbitrarily  selected  for  48-hr  observation  died  within  15-hr  post 
exposure.  Scintillation  counts  of  [3H]T-2  in  tissues  of  mice  in  the  other 


subgroup  of  12  ales  showed  that  17  ±  1.4  pg  equivalents  of  T-2  were  retained 
i mediately  after  a  10-min  exposure.  Of  this  total.  22.22  of  T-2  was  retained 
in  the  nasal  turbinates  and  2.42  retained  in  the  respiratory  tract.  The 
remaining  T-2  (75.42)  was  distributed  throughout  the  rest  of  the  carcass. 

DISCUSSIONS 

The  acute  inhalation  toxicity  of  aerosols  of  T-2  in  saline  was 
investigated.  We  found  that  the  24  hr  LCjq  for  alee  exposed  for  10  min  to 
this  aerosol  was  0.041  ±  0.008  mg/liter.  When  we  aeasured  total  body 
retention  of  tig  equivalents  of  T-2  in  nice  exposed  for  10  nin  to  either  1.5  or 
0.04  og/llter  T-2.  we  found  a  total  body  burden  of  32  pg  and  17  pg. 
respectively.  The  latter  aerosol  aass  concentration  (l.e.  0.04  mg/llter)  was 
an  LC sq.  and  the  total  T-2  retained  (i.e.»  17  pg)  was  equivalent  to  an  LDjq  of 
0.6  ag/kg  body  weight. 

The  above  data  is  quantitatively  different  from  those  previously  reported 
from  this  laboratory  (Creasla  et  al.,  1986)  for  a  study  in  which  mice  were  ex¬ 
posed  under  similar  conditions  to  aerosols  of  T-2  in  ethanol.  In  the  previous 
study  we  found  the  LC^q  for  T-2  in  ethanol  to  be  0.24  mg/liter  for  mice  of  a 
similar  age  and  weight  range  as  those  used  in  this  study.  More  Importantly, 
when  we  (Creasla  et  al. .  198b)  previously  measured  the  total  body  burden  of 
T-2  (expressed  as  pg  equivalents  of  T-2)  in  mice  exposed  to  a  T-2/ethanol 
aerosol  of  0.24  og/llter  (i.e.  the  ethanol-T-2  LC5q;  6  of  12  mice  so  exposed 
died  within  24  hrs.)  we  found  the  total  body  burden  of  T-2  to  be  28  ±  1.5  pg 
T-2.  Data  presented  in  this  report,  however,  show  that  a  total  body  burden  of 
32  ±  3  pg  T-2  was  sufficient  to  kill  1002  of  mice  exposed  to  T-2  in  saline. 

If  the  lethality  observed  in  mice  after  inhalation  of  T-2  mycotoxin  was  a 
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result  of  systemic  toxicity  of  T-2  (i.e.  total  body  burden) ,  the  death  rates 
of  mice  exposed  to  aerosols  of  either  a  saline  suspension  or  an  ethanol 
solution  of  T-2  should  be  similar  when  the  total  body  burden  is  similar,  (i.e. 
28  tig  and  32  ug),  regardless  of  the  type  of  T-2  aerosol.  Since  this  is 
obviously  not  the  case,  we  postulate  that  acute  toxicity  from  Inhaled  T-2  is 
manifested  through  organ  burden  (i.e.  target  organ),  rather  than  total  body 
burden,  and  that  the  respiratory  tract  is  a  likely  target  organ.  Studies  are 
currently  underway  in  this  laboratory  to  investigate  this  theory. 
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TABLE  1 


ACUTE  INHALATION  TOXIC  ITT  OF  A  SALINE  SUSPENSION  OF 
T-2  MYCOTOXIN  IN  MICE* 


Aerosol  Mass 

Concentration 

( nur /Liter) 

Dead/Exposed 

(24  hra) 

1.0 

12/12 

0.5 

11/12 

0.15 

12/12 

0.1 

12/12 

0.07 

10/12 

0.04 

7/12 

0.03 

2/12 

0.002 

1/12 

Saline  Control 

0/12 

LC^q  *  0.041  ±  0.008  mg/liter 
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10-Min  aerosol  exposure 
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